Citrullinaemia is a rare disorder of the urea cycle, 6 patients having been reported since 1962. The patients can be divided into two groups according to the severity of the disease. In 3 cases (McMurray et al., 1963; Morrow, 1967; Vidailhet et al., 1971) the disease was detected in early childhood between 7 and 18 months of age. The prominent features were severe mental retardation and spells of vomiting. In the other 3 patients (Wick, Brechbiihler, and Girard, 1970; J. Ghisolfi et al., personal communication, 1971 ; van der Zee et al., 1971 ) the disease ran a very acute course with death in the neonatal period.
In this paper our first patient is presented, together with his brother whose disease we could study more extensively. A third variety of citrullinaemia is also described; a patient was detected by routine screening and showed biochemical disturbances of a milder degree without any signs of disease.
Patients Case 1. The third child of unrelated parents (Wick, et al., 1970) . He was bom at home in 1969 with a birthweight of 3500 g; he appeared healthy and was fed from the breast during the first 2 days of life. On the third day he became tachypnoeic and refused to feed. The midwife tried to give him some tea but could not open his mouth due to muscular spasm. On admission to this hospital the infant was barely conscious. The usual reflexes of a newbom were absent, but the muscular tone was much increased, and opisthotonus was conspicuous, so that tetanus was suspected. The extreme spasticity was succeeded by total flaccidity, and artificial Received 14 December 1972. respiration was begun. The child was in deep coma for 2 days with dilated unresponsive pupils, and he died shortly before the diagnosis of citrullinaemia had been established.
Citrulline was identified by high voltage electrophoresis (HVE) followed by chromatography in the second dimension and stained with ninhydrin and Ehrlich's reagent. Quantitation of citrulline in plasma by column chromatography: 3100 jLmol/l. Urea 16-7 mg/100 ml (including ammonia). Severe depression of clotting factors: fibrinogen 96 mg/100 ml; factor II 22%, V 9%, VII 20%, X 8%, with a normal thrombocyte count of 162,000 mm3. Severe pneumonia of both lungs was noted at necropsy.
Case 2. The brother of Case 1 was bom in 1971 with a birthweight of 3100 g. He too appeared healthy at first, and was breast fed on the second and third day of life. He then became tachypnoeic with grunting breathing. At 68 hours of age he was transferred to this hospital, where the most conspicuous signs were again marked spasticity and extreme opisthotonus. In contrast to the first patient, he also suffered from grand mal seizures. Soon after admission the infant stopped breathing and artificial respiration was begun. After an exchange transfusion he started to breathe for a time, but died soon after.
Plasma citrulline 2200 umol/l.; blood ammonia > 1500 pmol/l.; urea 15-0 mg/100 ml (ammonia included).
SGOT 560 Reitman-Frankel units (normal 45 units), SGPT 272 RF units (normal 45 units); serum protein 5 0 g/100 ml; uric acid 6 1 mg/100 ml.
EEG was abnormal with low amplitude background activity and transients and bursts of high voltage a-and 0-waves with sharp components.
Case 3. He presented a totally different aspect of citrullinaemia. He was the 4th child of a family unrelated to the first 2 patients, birthweight 3000 g. He 636 was brought to hospital on the second day of life because of tachypnoea. Chest x-ray was interpreted as showing moderate aspiration. Normal reflexes were present, and muscular tone was normal. He was treated with ampicillin. He was fed on breast milk and later on an adapted cow's milk. All symptoms and signs disappeared within a few days and thereafter he progressed normally.
At the age of 3 weeks his urine was routinely examined by high voltage electrophoresis which revealed a citrulline spot. This was confirmed by Ehrlich stain and column chromatography (see Results).
Blood ammonia was measured several times and never exceeded 92 ,umol/l. The other chemical and haematological values were normal. At the age of 7 months, his development quotient was 93 (Buhler-Hetzer). At present, aged 3 years, he has normal mental development, height, weight, and head circumference.
Methods
High voltage electrophoresis (HVE): water-cooled HVE-apparatus.* Buffer pH 1 * 9, acetic acid/formic acid/water (120 ml/26 ml per ad 1000 ml). HVE combined with ascending paper chromatography *Camag, Muttenz, Switzerland. in the second dimension: solvent for chromatography: Butanol/acetic acid/water (12 : 3 : 5). Samples: urine quantities corresponding to 15 ,ug creatinine for one dimensional HVE or 7-5 jLg for the two dimensional procedure are applied to the filter paper. Half quantities are used in newbom babies. Serum is deproteinized with acetone (1 : 1) and 40 ,ul or 20 1p of the supematant are used. Column chromatography according to the method of Moore, Spackman, and Stein (1958) . Amino acid analyser BC 200.* Single column method: elution with 3 buffers: pH 3 25, 3 74, and 4 54, respectively; molarity of sodium 0 2, 0-2, and 0-8. Temperature -30°C and 60 'C. Colour reaction with ninhydrin reduced with stannochloride. Serum was deproteinized with picric acid followed by adsorption of the remaining precipitant on Dowex 2 x 8 200-400 mesh. Elution of the amino acids by 0-02 mol/l. HCI. The eluate is dried by evaporation in vacuum.
Blood ammonia determined by microlitre modification of the technique of Seligson and Hirahara (1957) . Isothermal distillation takes place in a stoppered glass tube 15 mm diameter by the addition of boratesodium hydroxide buffer (pH 10 * 3). For the adsorption of ammonia a glass rod was used, acidified with 2 mol/l. H2SO4. After diffusion the glass rod was dipped in the reagent mixture for the Berthelot reaction.
Results
Amino acid plasma concentrations of Cases 1 and 2 were very similar. As the diagnosis of *Biocal Instruments, Munich, Germany. Degenerative changes of nerve cells, characterized by clumping of cytoplasm and pycnosis of nuclei and small areas of necrosis were noted in both cases and were most prominent in the cerebellum and in the dentate and olivary nuclei (Fig. 1) .
The liver in Case 2 showed diffuse fatty degeneration, whereas in Case 1 only the midzonal areas of the liver lobules were involved. In both cases the central veins were dilated, the Disse's spaces oedematous, and some bile thrombi detectable. Groups of necrotic liver cells, diffusely scattered over the liver lobules with scanty perifocal inflammatory response were found in Case 2. The heart muscle in Case 1 showed minimal diffuse fatty degeneration. In Case 2 some muscle fibres were necrotic, the sarcoplasm homogeneous and clumped with some perifocal polymorphonuclear leucocytic infiltration. Perinuclear sarcoplasmic vacuolization was more pronounced in Case 2 than in Case 1. The electron microscopical investigation of the liver of Case 2 showed a concentrically arranged rough endoplasmic reticulum and numerous small mitochondria of a high matrix density (Fig. 2) .
Discussion
Ammonia is the key substance in the pathogenesis of all disorders of the urea cycle (Levin, 1971) . In the three different types of citrullinaemia the severity of the disease is directly related to the plasma and ammonia concentration.
In the acute neonatal form, the impairment of ASS activity is so severe that lethal accumulation of ammonia results even if no protein is ingested. In the intermediate group of patients, toxic accumulation of ammonia occurs only after protein ingestion, and probably also during catabolic states of metabolism, e.g. in the course of infectious diseases.
Therapy may be effective-at least if the diagnosis is made before the CNS has suffered irreversible damage; protein supplies must be sufficient for normal development but should be reduced to zero as soon as the plas ammonia rises towards toxic levels.
Electron micrograph of a liver cell showing a concentrically arranged rough endoplasmic reticulum and numerous small mitochondria of high matrix density. ( x 10,050.) We suggest that Case 3 represents a third variety of citrullinaemia defined by high citrulline concentrations in plasma, urine, and CSF, but ammonia concentrations were normal, and did not reach toxic levels even after a protein load. Citrulline plasma concentrations were always high whether compared with normal controls or with heterozygote relatives of Cases 1 and 2 (Wick et al., 1970) , though still far lower than in patients of the intermediate group (Table II) .
The enzyme studies (Dr. Colombo) suggest that the high citrulline concentrations in Case 3 may be due to a slightly impaired ASS activity. Proof would have required liver biopsy material, but this was not considered ethically justifiable. Thus the only material at our disposal was skin fibroblasts. How far the ASS activity in fibroblasts is representative for that in liver is still open to question. ASS activity in the liver (Table III) of the acute neonatal form is very low, about one-fifth to one-seventh of normal. In the fibroblasts from Case 2 (Table IV) (Vidailhet et al., 1971; Bruton, Corsellis, and Russell, 1970; Baumgartner et al., 1968; Hopkins et al., 1969) . In some cases of omithine carbamylphosphate transferase deficiency both nerve cells and glial cells were affected, these patients having died between 7 months and 8 years of age. In the more severe cases, extended areas with nerve cell necrosis and myelin degeneration associated with a cystic appearance of the cortex and the white matter were seen, together with proliferation of glial cells (Hopkins et al., 1969) . In less severe cases, degeneration of nerve cells was slighter or glial cell proliferation only was present. The degree of damage was related to the duration and height of the plasma ammonia level, and to the age of the patient. Raised ammonia levels seem to be more harmful in early infancy than later, as judged by histology (Bruton et al., 1970; Hopkins et al., 1969) . Our patient with argininosuccinase deficiency (Baumgartner et al., 1968) confirms this view: this child died on the ninth day of life, and he too showed nerve cell and myelin degeneration and a microcystic lesion of the white matter.
Apart from these neuropathological findings, liver cells and heart muscle fibres showed conspicuous fatty degeneration. In Case 2, necrosis of some liver cells and peracute necrosis of heart muscle fibres were even found, the necrotic liver cells being distributed randomly in the liver lobule. This is possibly due to the direct toxic action of ammonia. No other electron microscopical studies in patients with urea cycle defects have been published, so the significance of the peculiar concentric configuration of the ergastoplasma and the increased electron density of the mitochondrial matrix in the liver cells of Case 2 (Fig. 2) is not known.
